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INTRODUCTION 


Growth  hormone-releasing  hormone  (GHRH),  in  addition  to  stimulating  the  release  of  growth 
hormone  (GH)  from  the  pituitary,  acts  as  a  trophic  factor  for  pituitaiy  somatotrophs(1'8).  In  addition, 
GHRH  is  expressed  outside  of  the  hypothalamic/pituitary  axis,  with  significant  expression  in  the 
gonads,  gastrointestinal  tract,  pancreas,  thymus,  and  lymphocytes(9'14).  Expression  has  also  been 
reported  in  a  variety  of  tumors(1 5),  including  pancreas,  lung,  CNS(16)  and,  recently,  breast,  prostate, 
and  endometrium(1*'19).  While  the  role  of  extrahypothalamic  GHRH  is  unknown,  mitogenic  effects 
have  been  demonstrated  on  lymphocytes  and  germ  cells  in  v/W20,21).  The  current  study  examines 
the  hypothesis  that  GHRH  functions  as  an  autocrine/paracrine  growth  factor  in  neoplastic 
breast  tissue.  To  address  this  hypothesis,  we  have  undertaken  a  comprehensive  examination  of  the 
physiology  of  GHRH  in  immortalized  breast  cancer  cell  lines.  We  examine  the  effect  on  cell  growth 
and  proliferation  of  exogenous  GHRH  and  disruption  of  endogenous  GHRH  with  specific  inhibitors. 
We  also  identify  the  intracellular  signaling  pathways  that  mediate  the  effects  of  GHRH  on  breast 
cancer  cells.  Finally,  we  will  dissect  the  mechanism  by  which  GHRH  and  its  receptor  begin  to  be 
expressed  in  the  process  of  neoplastic  transformation  of  breast  tissue.  We  report  here  the  results  of 
the  first  12  months  of  this  project.  During  this  period,  we  have  demonstrated  that  disruption  of 
endogenous  GHRH  inhibits  proliferation  and  stimulates  apoptosis  in  breast  cancer  cell'  lines  and  that 
this  effect  is  mediated  through  a  pathway  involving  the  MAP  kinases,  ERK  V2,  p38  and  JunK,  as  well 
as  the  caspase  cascade. 


BODY 

Task  1:  To  determine  the  relationship  between  expression  of  GHRH,  expression 
of  GHRH  receptor,  and  cellular  proliferation  in  breast  cancer  cell  lines  (Months  1 
-15) 


Quantitate  the  expression  of  protein  and  mRN A  for  GHRH  and  GHRH  receptor  in  breast  cancer 
cell  lines  (Months  1-4) 

The  aim  of  this  task  was  to  determine  the  variability  of  expression  of  GHRH  and  its  receptor  in  various 
cell  lines  in  order  to  develop  a  spectrum  of  reagents  with  varying  expression  of  each  of  the 
components  of  the  system.  While  we  have  determined  that  MDA231  cells  express  relatively  large 
amounts  of  GHRH  by  western  blot  hybridization,  this  technique  has  not  proved  sufficiently  sensitive  to 
quantitate  expression  of  the  peptide  by  other  cell  lines.  Since  experiments  demonstrate  clear 
physiologic  effects  of  disruption  of  endogenous  GHRH  even  in  cell  lines  in  which  GHRH  could  not  be 
demonstrated  by  western  blot,  it  is  clear  that  a  technique  of  greater  sensitivity  for  the  measurement  of 
GHRH  will  be  required  for  lower  expressing  cell  lines.  We  are  currently  exploring  options  to  address 
this  need,  including  competitive  binding  assays.  We  are  also  working  to  expand  the  number  of  cell 
lines  that  we  are  examining  for  GHRH  synthesis. 

Similarly,  we  demonstrated  the  presence  of  the  mRNA  for  the  GHRH  receptor  (GHRHr)  in  a  variety  of 
breast  cancer  cell  lines,  including  MDA231,  T47D,  and  MCF7  cells,  information  that  was  included  in 
the  original  application.  There  is  clearly  a  spectrum  of  expression,  with  high  level  expression  in 
MDA231  cells,  and  much  lower  expression  in  the  other  cell  types  examined.  We  have  undertaken 
two  approaches  to  quantitating  this  difference  -  real-time  fluorescent  PCR  to  quantitate  mRNA  and 
receptor  binding  assays  to  determine  receptor  protein  expression.  Once  again,  we  have  experienced 


4 


technical  difficulties  that  have  slowed  progress  on  this  task.  Design  of  tagged  primers  for  real  time 
PCR  has  required  a  number  of  attempts  to  avoid  amplification  of  related  receptor  superfamily 
members  and  genomic  sequences.  This  work  continues  and  is  expected  to  yield  reliable  results  in 
the  next  few  months.  Similarly,  the  development  of  a  receptor  binding  assay  to  measure  the  critical 
feature  of  cell-surface  expression  of  receptor  has  been  hampered  by  difficulty  in  obtaining  the 
fluorescent-tagged  GHRH  reagent  necessary  for  this  work.  It  is  anticipated  that  this  reagent  will 
again  become  available  during  the  summer  of  2001 .  In  the  meantime,  we  are  pursuing  the  alternative 
of  employing  a  polyclonal  anti-GHRH  receptor  antibody(22)  and  semi-quantitative  imaging  available 
within  our  Department. 


Define  the  effect  of  GHRH  and  its  antagonists  on  the  growth,  proliferation,  and  apoptosis  of 
breast  cancer  cells  (Months  4  -10) 

We  have  made  extensive  progress  on  this  task.  The  results  detailed  here  were  presented  at  the 
Annual  Meeting  of  the  Endocrine  Society  in  June  2000  and  are  currently  being  prepared  as  a 
manuscript  for  submission  to  Cancer  Research. 

The  aim  of  this  task  was  to  determine  the  physiologic  effect  of  disruption  of  normal  GHRH  secretion 
and  action  on  the  proliferation  and  survival  of  breast  cancer  cell  lines.  Because  of  the  high  level  of 
expression  of  both  GHRH  and  its  receptor  in  MDA231  cells  relative  to  other  cell  types  so  far 
evaluated,  these  experiments  focus  predominately  on  this  cell  line. 

MDA231  cells,  originally  obtained  from  ATCC,  were  grown  to  confluency  under  standard  conditions  in 
DMEM  supplemented  with  10%  FCS.  Prior  to  experiments,  the  cells  were  lifted  with  PBS/2%EDTA, 
plated  at  8,000/cm  in  96-well,  24-well,  or  6-well  plates,  and  allowed  to  attach  overnight  in 
DMEM/2%FCS.  The  competitive  GHRH  antagonist  [N-acetyl-Tyrl ,  D-Arg2]  fragment  1- 
29Amide(Sigma)(GHRHa)  was  dissolved  in  2%acetic  acid/1%insulin-free  BSA  to  a  stock 
concentration  of  1  mM.  GHRHa  was  added  in  80pl  DMEM  and  allowed  to  incubate  for  1  hour. 
Control  cells  were  treated  with  the  same  final  concentration  of  vehicle  alone.  The  medium  was  then 
brought  to  2%FCS  and  allowed  to  incubate  until  the  indicated  times.  At  the  time  of  counting,  the 
medium  was  aspirated,  the  cells  lifted  with  50pl  trypsin,  and  resuspended  in  150  pi  of  PBS.  Four 
0.1  pi  samples  of  each  well  were  counted  by  hemocytometer,  with  8  replicates  per  treatment. 

As  shown  in  figure  1,  a  single  treatment  of  MDA231  cells  with  3  pM  antagonist  resulted  in  an 
approximately  25%  decrease  in  cell  number  after  24  hours.  Subsequently,  cell  numbers  increased  in 
parallel  with  control  cells,  indicating  that  the  effect  is  transient  and  reversible.  A  second  treatment 
after  24  hours  led  to  an  additional  24  hours  of  inhibition  of  the  increase  in  cell  number  (not  shown). 


Figure  1:  Effect  of  3pM  GHRHa  on 
MDA231  cell  counts  in  vitro 

Values  represent  the  mean  ±  SEM,  n  = 
8  replicates  at  each  time  point  for  each 
treatment 
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The  inhibition  of  cell  number  increase  by  GHRHa  is  also  dose  dependent.  As  shown  in 
figure  2,  exposure  for  24  hours  to  GHRHa  resulted  in  decreases  in  cell  number  ranging 
from  6%  at  40  nM  to  25%  at  5  pM.  Higher  doses  did  not  lead  to  decreases  greater  than 
25%. 


Figure  2:  Dose  dependent  effect  of 
GHRHa  on  MDA231  cell  counts  in 
vitro 

Values  represent  the  mean  ±  SEM,  n  = 
8  replicates  at  each  time  point  for  each 
treatment. 


In  order  to  determine  whether  the  effect  of  disruption  of  endogenous  GHRH  on  cell 
number  resulted  from  decreased  cell  proliferation,  we  examined  the  effect  of  GHRH 
antagonism  on  uptake  of  tritiated  thymidine.  MDA231  cells  were  grown  in  100DI 
DMEM/2%FCS  in  a  96  well  plate  overnight.  GHRHa  was  added  in  80pl  DMEM  and 
allowed  to  incubate  for  1  hour.  The  medium  was  then  brought  to  2%FCS.  Four  hours 
after  GHRHa  treatment,  0.8pl  3H-thymidine  was  added  to  each  well.  At  the  indicated 
times,  cells  were  washed  thrice  with  1 50pil  PBS,  followed  by  25pl  10%TCA.  After  5 
minutes,  lOOjal  0.1  M  NaOH  was  added  followed  by  27.5  pi  0.1  M  HCI.  The  entire 
content  of  the  well  was  transferred  to  scintillation  counter  tubes  and  counted  for  10 
minutes.  Each  treatment  was  examined  in  8  replicates. 

As  shown  in  figure  3,  exposure  of  MDA231  cells  to  a  single  dose  of  3  pM  GHRHa 
resulted  in  a  rapid  and  transient  decline  in  thymidine  uptake  followed  by  uptake  parallel 
to  control  cells.  This  change  in  thymidine  uptake  indicates  a  decrease  in  DNA  synthesis 
and  suggests  a  decrease  in  cellular  proliferation.  When  cells  were  exposed  to  a  second 
dose  of  GHRHa  after  4  hours,  tritiated  thymidine  uptake  was  inhibited  for  an  additional  4 
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Figure  3:  Effect  of  3pM  GHRHa  on  3H- 
thymidine  uptake  by  MDA231  cells  in 
vitro 

Values  represent  the  mean  ±  SEM,  n  = 
8  replicates  at  each  time  point  for  each 
treatment. 


To  determine  whether  antagonism  of  endogenous  GHRH  also  decreased  cell  counts 
through  promotion  of  cellular  apoptosis  we  examined  the  effect  of  GHRHa  on  apoptosis 
using  two  independent  techniques.  First,  we  examined  the  effect  of  GHRHa  on  DNA 
laddering.  Cells  were  grown  in  3.5cm  plates  overnight.  Following  treatment  with 
GHRHa,  the  volume  of  medium  was  increased  to  3  ml.  Cells  were  harvested  12  hours 
after  GHRHa  treatment,  pelleted  by  centrifugation,  and  washed  once  in  PBS.  Cells 
were  lysed  in  20pl  lysis  buffer  (50  mM  Tris  pH  8.0,  10  mM  EDTA,  0.5%  SDS,  0.5  mg/ml 
proteinase  K)  and  heated  to  50C  for  1  hour.  The  mixture  was  then  heated  to  90C  for  3 
min  to  deactivate  the  proteinase  K,  treated  with  10  pi  RNAse  A  to  a  final  concentration 
of  0.5pg/ml  in  TE  and  heated  to  50C  for  1  hour.  Samples  were  separated  by 
electrophoresis  through  2%  agarose  with  ethidium  bromide  and  visualized 
(Alphaimager). 

As  shown  in  figure  4,  exposure  of  MDA231  cells  to  3  pM  GHRHa  lead  to  a  marked 
increase  in  DNA  laddering  compared  to  vehicle  alone,  indicating  increased  apoptosis. 

Each  lane  represents  the  total  DNA 
sample  obtained  from  a  single  replicate, 
3  replicates  per  treatment. 


Vehicle  GHRHa 


Figure  4:  Effect  of  3  pM  GHRHa  on 
DNA  laddering  in  MDA231  cells. 


Next,  we  examined  the  effect  of  GHRHa  on  nuclear  condensation,  another  measure  of 
apoptosis.  Cells  were  grown  in  100pl  DMEM/2%FCS  on  chamber  slides  overnight. 
GHRHa  was  added  in  80pl  DMEM  and  allowed  to  incubate  for  1  hour.  The  medium  was 
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then  brought  to  2%FCS.  Twenty-four  hours  after  GHRHa  treatment,  cells  were  washed 
briefly  with  PBS,  fixed  in  4%  paraformaldehyde  for  10  min,  followed  by  70%  EtOH  in 
glycine  buffer  for  10  min  at  -20C.  Cells  were  then  washed  in  PBS,  incubated  with 
Hoechst  dye  (8pg/ml)  for  15  min  at  RT,  and  rinsed  three  times  in  PBS.  Slides  were  then 
blinded  and  cells  were  visualized  by  fluorescent  microscopy  and  apoptotic  cells  counted 
(4  fields  per  slide,  eight  slides  per  treatment).  (100  X  magnification).  Exposure  of 
MDA231  cells  to  3  pM  GHRHa  for  24  hours  increased  the  frequency  of  appearance  of 
condensed  nuclei  after  staining  with  Hoechst  dye.  To  quantify  this  increase,  we 
counted  the  number  of  condensed  nuclei  present  in  a  100X  field  (4  fields  per  slide,  8 
slides  per  treatment).  As  shown  in  two  experiments  in  figure  5,  MDA231  cells  exposed 
to  vehicle  alone  had  approximately  30  apoptotic  cells  per  field.  However,  after  24  hours 
in  the  presence  of  3  pM  GHRHa,  the  frequency  of  apoptotic  cells  increased  by  60%. 


Figure  6:  Effect  of  3  pM  GHRHa  on 
nuclear  condensation  of  MDA231 
cells  in  vitro.  Each  value  represents 
the  mean  ±  SD,  n  =  8  replicates  per 
treatment,  4  fields  counted  per  replicate. 


Exposure  of  MDA231  cells  to  GHRHa  for  24  hours  leads  to  an  approximately  60% 
increase  in  the  incidence  of  apoptotic  MDA231  cells.  However,  the  total  incidence  of 
apoptosis  appears  to  be  relatively  small,  consistent  with  the  previously  demonstrated 
25%  decrease  in  cell  number  at  24  hours. 

Finally,  cells  were  plated  as  described,  and  exposed  to  GHRH  antagonist  (3  pM)  or 
vehicle  for  24  hours.  Cells  were  then  harvested,  stained  with  Krishan’s  stain,  and 
separated  by  fluorescent  cell  sorting.  As  shown  in  figure  7,  exposure  of  MDA231  cells 
to  GHRH  antagonist  results  in  a  marked  increase  in  cells  demonstrating  apoptotic 


nuclear  signals. 


Control 


GHRH  antagonist 
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Figure  7:  Effect  of  3  pM  GHRH 
antagonist  on  apoptosis  determined 
by  FACS  analysis  in  MDA231  cells. 


In  order  to  confirm  the  specificity  of  these  effects  of  GHRHa,  we  also  examined  the 
effect  of  additional  peptide  GHRH  antagonists  of  entirely  different  structure  obtained 
from  Dr.  David  Coy  at  Tulane  University,  peptides  PRL  2194  and  PRL2640.  These 
peptides  have  greater  affinity  for  the  GHRH  receptor  than  GHRHa.  Lyophilized 
peptides  were  dissolved  in  water  and  added  to  media  at  the  concentrations  shown  using 
an  experimental  paradigm  identical  to  that  used  for  GHRHa.  As  seen  in  figure  8,  both  of 
these  antagonists  lead  to  a  marked  dose-dependent  decrease  in  cell  number  24  hours 
after  treatment.  Furthermore,  these  peptides  with  greater  affinity  for  the  GHRH  receptor 
than  GHRHa  have  an  efficacy  that  is  also  greater  than  GHRHa,  leading  to  cell 
reductions  of  up  to  65%,  compared  to  15-25%.  The  observation  that  these  alternative 
antagonists,  with  a  structure  different  from  GHRHa  reduce  cell  proliferation  and  that  the 
degree  of  reduction  correlates  crudely  with  binding  affinity  further  support  the  conclusion 
that  disruption  of  endogenous  GHRH  action  impairs  normal  breast  cell  proliferation  and 
this  effect  is  mediated  through  the  GHRH  receptor  itself. 


Figure  8:  The  does  dependent  effect 
of  peptide  GHRH  antagonists, 
PRL2194  and  PRL  2640  on  MDA231 
cell  counts  in  vitro.  Each  value 
represents  the  mean  ±  SD,  n  =  8 
replicates  per  treatment. 


Taken  together,  the  data  produced  as  part  of  this  project  during  the  last  12  months 
indicate  that  antagonism  of  the  endogenous  GHRH  autocrine/paracrine  system  in 
MDA231  breast  cancer  cells  leads  to  inhibition  of  cell  proliferation,  as  well  as  increased 
cellular  apoptosis,  the  combination  of  which  leads  to  decreased  cell  number.  The  effect 
of  GHRH  antagonists  are  dose-dependent,  transient,  and  reversible.  In  addition,  the 
data  imply  that  the  effect  of  GHRH  antagonists  are  mediated  through  GHRHr  itself, 
rather  than  cross  reaction  at  related  receptors.  These  results  are  consistent  with 
previous  demonstrations  of  an  inhibitory  effect  of  GHRH  antagonists  on  a  variety  of 
reproductive  and  Gl  tract  tumors(23'25)  and  extend  these  observations  to  provide 
information  regarding  the  mechanism  of  the  effect  of  GHRH  antagonists.  The  results 
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also  confirm  that  breast  cell  lines  in  vitro  provide  a  useful  model  system  in  which  to 
further  investigate  the  physiology  of  GHRH  in  breast  tumors. 


Determine  whether  changing  the  expression  of  GHRH  and/or  GHRH  receptor  in 
breast  cancer  cell  lines  results  in  changes  in  cell  growth  characteristics  (Months 
10-15). 

We  have  obtained  the  necessary  plasmid  reagents  for  this  task  and  will  undertake  the 
proposed  transfections  over  the  next  4-6  months 


Task  2:  To  determine  the  intracellular  signaling  pathway(s)  that 
mediate  the  effects  of  GHRH  on  growth  in  breast  cancer  cells  (Months 
15-20) 

Define  the  generation  of  cAMP  and  activated  MAP  kinase  pathway  intermediates 
in  breast  cancer  cells  in  response  to  GHRH  (Months  15-18) 

Determine  the  pathway(s)  that  mediates  the  proliferative  and/or  apoptotic  effects 
of  GHRH  (Months  19-24) 

The  work  proposed  in  this  task  has  been  started  early  because  of  promising  preliminary 
data  and  the  greater  availability  of  reagents  relative  to  the  tasks  discussed  above  that 
have  been  delayed. 

We  have  previously  demonstrated  that  GHRH,  in  addition  to  stimulating  the  intracellular 
synthesis  of  cAMP,  also  activates  the  MAPK  (ERK  y2)  pathway  in  pituitary  cells(26). 
Until  this  demonstration,  it  had  been  assumed  that  the  proliferative  actions  of  GHRH  on 
pituitary  somatotroph  (GH-secreting  cell)  were  mediated  by  cAMP  generation,  as  are 
the  hormone  releasing  actions.  However,  cAMP  stimulation  of  proliferation  is 
uncommon,  since  cAMP  is  much  more  commonly  associated  with  suppression  of  cell 
proliferation(27).  Therefore,  the  identification  of  involvement  of  the  MAP  kinase 
pathway  in  GHRH  action,  a  pathway  well  known  to  be  associated  with  cellular 
proliferation,  has  helped  to  clarify  the  mechanism  of  GHRH  effects  on  cell  proliferation. 

Therefore,  we  examined  the  effect  of  GHRH  on  components  of  the  MAPK  pathway. 
Initial  experiments  focused  on  the  effects  of  treating  MDA231  cells  with  GHRH. 
However,  it  became  quickly  clear  that  basal  levels  of  ERK  1/2  activation  were 
significant,  likely  reflecting  the  actions  of  endogenous  GHRH.  Attempts  to  decrease 
basal  MAPK  activation  by  manipulation  of  culture  conditions  were  unsuccessful.  It  was 
possible  to  demonstrate  a  modest  decrease  in  ERK  1/2  activation  in  the  presence  of 
GHRHa.  However,  the  results  were  less  than  compelling. 

Since  we  had  demonstrated  that  antagonism  of  GHRH  leads  to  increased  apoptosis,  we 
turned  our  attention  to  other  components  of  the  MAPK  pathway  known  to  be  related  to 
this  phenomenon(28'30).  Since  activation  of  these  components  increases  under 
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conditions  that  promote  apoptosis,  we  thought  it  likely  that  demonstration  of  these 
positive  changes  would  be  more  straightforward  than  documenting  the  negative 
changes  of  ERK1/2.  This  has  proven  to  be  the  case. 

MDA231  cells  were  exposed  to  GHRH  antagonist  (3  pM)  or  vehicle  for  20  min.  Cells 
were  then  washed,  lysed,  and  the  proteins  separated  by  PAGE  and  analyzed  by 
Western  blot  hybridization  with  phospho-specific  Jun  kinase  or  Phospho-specific  p38 
kinase  antibody.  As  shown  in  figure  9,  exposure  to  GHRH  antagonist  resulted  in 
marked  activation/phosphorylation  of  both  JunK  and  p38  kinase  compared  to  vehicle. 
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Figure  9:  Effect  of  3  pM  GHRH 
antagonist  on  phosphorylation 
of  Jun  kinase  (left  panel)  and 
p38  kinase  (right  panel)  in 
MDA231  cells. 


Activation  of  the  p38  pathway  has  been  associated  with  initiation  of  apoptosis  in  a 
number  of  cell  systems,  while  activation  of  JunK  has  a  more  complicated  relationship  to 
apoptosis,  associated  with  both  stimulation  and  suppression  of  apoptosis(28‘30). 

We  next  examined  the  time  course  of  P38  activation  in  response  to  GHRHa,  using  the 
same  experimental  paradigm.  As  shown  in  figure  10,  exposure  of  MDA231  cells  to  3 
pM  GHRHa  leads  to  dramatic,  rapid,  and  transient  phosphorylation/activation  of  P38, 
with  onset  within  20  minutes  (Figure  9)  and  return  to  baseline  before  2  hours.  This 
pattern  of  P38  activation  has  been  seen  in  other  apoptotic  systems. 


Figure  10:  Time  course  of  the  effect 
of  3  pM  GHRH  antagonist  on 
phosphorylation  of  p38  kinase  in 
MDA231  cells 
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In  order  to  determine  whether  activation  of  P38  by  GHRHa  is  related  to  apopotosis,  we 
examined  the  effect  of  the  P38  inhibitor  SB203580  on  cell  number  reduction  and 
apopotosis  in  response  to  treatment  with  GHRHa.  MDA231  cells  were  pretreated  with 
10  pM  SB203580  30  minutes  prior  to  exposure  to  GHRHa  and  cell  counting,  as 
described  above.  As  shown  in  figure  11,  inhibition  of  P38  activation  by  the  SB 
compound  prevented  the  decrease  in  cell  number  seen  in  response  to  GHRHa,  strongly 
suggesting  that  activation  of  P38  mediates  the  effect  of  GHRHa  on  changes  in  cell 
number. 


Figure  11:  Effect  of  P38  inhibition  on 
the  GHRHa  induced  decrease  in 
MDA231  cell  number. 

Each  value  represents  the  mean  ±  SD, 
n  =  8  replicates  per  treatment.  *  = 
P<0.05 


We  next  examined  the  effect  of  P38  inhibition  on  DNA  laddering  in  response  to  GHRHa 
treatment  of  MDA231  cells.  Again,  cells  were  pretreated  with  SB203580  30  minutes 
prior  to  exposure  to  GHRHa  and  cells  processed  for  DNA  laddering  as  described  above. 
As  seen  in  Figure  12,  inhibition  of  P38  activation  by  the  SB  compound  prevented  the 
stimulation  of  DNA  laddering  seen  in  response  to  GHRHa,  suggesting  that  P38 
activation  is  required  for  the  GHRHa  stimulation  of  apopotosis. 


Control  GHRHa 
Control  GHRHa  SB  SB 


Figure  12:  Effect  of  P38  inhibition  on 
the  GHRHa  induced  apoptosis  in 
MDA231  cells 


As  noted  above,  Jun  Kinase  has  a  more  complicated  relationship  to  apoptosis,  being 
associated  with  both  stimulatory  and  inhibitory  actions  under  different  circumstances. 
We  next  examined  the  effect  of  inhibition  of  Jun  Kinase  on  the  effect  of  GHRHa  on  cell 
numbers  in  MDA231  cells.  MDA231  cells  were  transfected  with  5  pg  of  a  vector 


12 


containing  a  CMV  promoter-driven  dominant-negative  Jun  Kinase  1  (Jnkl  APF)  or  Jun 
Kinase  2  (Jnk2  APF)  construct  by  electroporation,  grown  for  24  hours  in  serum 
containing  medium  and  then  treated  with  GHRHa  as  described  above.  As  seen  in 
figure  14,  exposure  of  MDA231  cells  to  GHRHa  in  this  experiment  resulted  in  a  modest 
(14%)  decrease  in  cell  number  after  24  hours.  Transfection  with  dominant  negative  JnK 
1  had  no  effect  on  this  response  to  GHRHa.  However,  transfection  with  dominant 
negative  JnK  2  more  than  doubled  the  decrease  (39%).  Pretreatment  of  cells  with 
SB203580  completely  prevented  the  decrease  in  cell  number  following  exposure  to 
GHRHa,  even  in  cells  transfected  with  dominant-negative  Jnk  2  (not  shown).  The 
amplification  of  the  effect  of  GHRHa  when  JnK  2  is  inhibited  suggests  that  activation  of 
JnK  2  antagonizes  the  effect  of  P38  activation  on  cell  number. 


Figure  14:  Effect  of  Jun  Kinase  1  and 
Jun  Kinase  2  inhibition  on  the 
GHRHa  induced  decrease  in  MDA231 
cell  number. 

Each  value  represents  the  mean  ±  SD, 
n  =  8  replicates  per  treatment.  *  = 
P<0.05,  **  =  P<0.01 


This  experiment  suggests  that  disruption  of  endogenous  GHRH  action  on  MDA231  cells 
activates  both  P38  and  JunK  2,  the  former  stimulating  and  the  latter  inhibiting  apoptosis. 
It  is  intriguing  to  hypothesize  that  the  physiologic  state  of  the  cell  at  the  time  of  GHRH 
disruption  influences  the  relative  degree  of  activation  of  these  two  pathways,  leading  to 
alterations  in  the  eventual  response  of  cell  proliferation  and  apoptosis.  We  are  currently 
exploring  this  relationship  further. 

Taken  together,  the  experiments  performed  to  address  this  task  indicate  that  disruption 
of  endogenous  GHRH  action  on  MDA231  cells  leads  to  activation  of  P38  and  Jnk2, 
along  with  inhibition  of  ERK  !4.  In  addition,  the  effects  of  GHRH  disruption  on  both  cell 
number  and  apoptosis  are  mediated  through  activation  of  P38,  with  Jnk2  perhaps 
playing  a  modulatory  role.  Thus,  we  can  conclude  that  endogenous  GHRH  functions  in 
MDA231  cells  to  stimulate  ERK  y2  and  inhibit  activation  of  P38,  thereby  promoting  cell 
proliferation  and  limiting  apoptosis.  Further  examination  of  both  upstream  and 
downstream  components  of  the  P38  pathway.  Preliminary  results  indicate  that  levels  of 
activated  caspase  3  are  increased  3  hours  after  treatment  with  GHRHa,  though  the 
exact  relationship  between  activation  of  P38  and  caspase  3  appears  to  be  somewhat 
complicated.  Further  studies  are  currently  underway. 

Task  3:  To  define  the  sequences  of  GHRH  and  GHRH  receptor 
(GHRHr)  promoters  responsible  for  expression  of  these  genes  in 
breast  cancer  cells.  (Months  24-36) 

No  work  has  begun  on  this  task. 
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KEY  RESEARCH  ACCOMPLISHMENTS 


•  Demonstration  that  disruption  of  endogenous  GHRH  action  in  MDA231  breast 
cancer  cells  with  the  GHRH  antagonist,  GHRHa,  results  in: 

o  transient,  reversible,  and  dose-dependent  decrease  in  cell  proliferation 
o  transient  and  reversible  decrease  in  thymidine  kinase  uptake,  indicating 
decreased  cellular  mitosis 
o  increased  cellular  apoptosis 

•  Demonstration  that  disruption  of  endogenous  GHRH  action  in  MDA231  breast 
cancer  cells  with  the  GHRH  antagonist,  GHRHa,  results  in: 

o  decreased  activation  of  ERK1/2  kinases 
o  activation  of  P38  kinase 
o  activation  of  Jun  kinase 
o  activation  of  caspase  3 

•  Demonstration  that  inhibition  of  GHRHa  activation  of  P38  kinase  results  in: 

o  prevention  of  GHRHa  effect  on  MDA231  cell  number 
o  prevention  of  GHRHa-induced  apoptosis  in  MDA231  cells 

•  Demonstration  that  inhibition  of  GHRHa  activation  of  Jun  kinase  2  results  in 
amplification  of  the  effect  of  GHRHa  on  MDA231  cell  number 


REPORTABLE  OUTCOMES 

Zeitler  PS,  Siriwardana  G.  Growth  hormone  releasing  hormone  (GHRH)  stimulates 
proliferation  and  inhibits  apoptosis  in  breast  cancer  cell  lines.  Abstract  presented  at  the 
82nd  Annual  Meeting  of  the  Endocrine  Society,  Toronto,  Ont,  June  200. 

Zeitler  P,  Siriwardana  G.  Antagonism  of  endogenous  growth  hormone-releasing 
hormone  leads  to  reduced  proliferation  and  apoptosis  in  MDA  231  breast  cancer  cells. 
Manuscript  to  be  submitted  to  Cancer  Resesarch,  Summer  2001. 


CONCLUSIONS 

The  data  presented  here  indicate  that  antagonism  of  the  endogenous  GHRH 
autocrine/paracrine  system  in  MDA231  breast  cancer  cells  leads  to  inhibition  of  cell 
proliferation,  as  well  as  increased  cellular  apoptosis,  the  combination  of  which  leads  to 
decreased  cell  number.  The  effect  of  GHRH  antagonism  is  dose-dependent,  transient, 
and  reversible.  Furthermore,  the  results  begin  to  clarify  the  intracellular  pathways 
involved  in  the  physiology  of  GHRH  in  breast  cancer  cells,  implicating  a  role  for  P38 
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kinase  and  Jun  kinase  2,  pathways  known  to  be  associated  with  control  of  cell 
proliferation  in  other  tissues  types. 

These  results  are  consistent  with  previous  demonstrations  of  an  inhibitory  effect  of 
GHRH  antagonists  on  a  variety  of  reproductive  and  Gl  tract  tumors.  More  importantly, 
these  results  significantly  extend  previous  observations  by  providing  initial  information 
regarding  the  mechanism  of  the  effect  of  GHRH  antagonists  and,  by  implication,  the 
mechanism  of  action  of  endogenous  GHRH.  Furthermore,  these  results  verify  the 
usefulness  of  breast  cancer  cell  lines  as  a  model  system  amenable  to  further  molecular 
dissection  of  this  phenomenon. 

It  remains  unclear  at  what  point  during  the  development  of  neoplasia  GHRH  and  its 
receptor  appear  in  breast  tissue.  Furthermore,  the  relative  importance  of  this  system  in 
the  promotion  and  maintenance  of  neoplastic  changes  is  unknown.  However, 
continued  study  of  this  system  will  further  illuminate  the  physiology  of  GHRH  in 
neoplastic  tissue,  as  well  as  possibly  clarifying  the  therapeutic  potential  of  GHRH 
receptor  antagonists  in  human  neoplasia. 
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